INTRODUCTION
The present article is a review of the mechanisms underlying the cerebrospinal fluid leak, as well as the diagnostic and therapeutic methods.
Cerebrospinal fluid (CSF) leak is a severe condition, with lethal risks, because of the high odd of cerebral complications occurrence (meningitis, brain abscess, etc.). Almost 80% of all cases appear in patients with head lesions and craniofacial fractures. Even if in the current medical practice there are advanced technical modalities for the diagnosis, the management and appropriate surgical approaches, difficulties still remain in debate 1 . The main reason for applying rapidly the treatment is the risk of intracranial infectious complications.
PATHOPHYSIOLOGY
Cerebrospinal fluid is made of water, electrolytes (Na , Cl -and HCO 3 ), glucose (60-80% of blood glucose), amino-acids and different proteins (22-38 mg/dL). It has no colour; it is clear, with polymorphonuclear cells and mononuclear cells (< 5/µL).
The main site of cerebrospinal fluid production is represented by the choroid plexus, responsible for producing 50-80% of the daily volume. Other production sites are the ependymal superficial layer (almost 30%) and the capillary ultrafiltration (almost 20%).
Cerebrospinal fluid is the final product of the plasma ultrafiltration of the epithelial cells in the choroid plexus, which lines the cerebral ventricles, process catalyzed by Na + /K + The hourly rate of CSF production is 20 ml, with a total daily rate of 500 ml. In the central nervous system, 90-150 ml of circulating CSF can be found at any time. Hydrostatic differences between the production rate and the absorption rate are responsible for maintaining the level of circulating cerebrospinal fluid. A pressure of 10-15 mmHg is considered as a normal value for CSF, while elevated pressures (>20 mmHg) determine high intracranial pressure (ICP) 2 . CSF leak is a relatively rare, but potentially severe condition, in case of treatment absence. The underlying condition that leads to CSF discharge into the nasal cavities is the disruption of the limits between the rhinosinusal cavities and the anterior and middle cerebral fossae. The communication with the central nervous system may determine multiple infectious complications, with high morbidity and potentially severe patient outcome 3, 4 . Most frequently, we encounter CSF leaks in the anterior cerebral fossa, because it has the most sites of congenital weakness and also the sites that are related to the specific surgery type.
The lateral lamella of the cribriform plate is proved to be involved in almost 40% of the cases, while a frontal sinus walls defect is found in 15% of the cases. The sella turcica, along with the sphenoid sinuses, are also involved in 15% of the times 5 . In case of endoscopic sinus surgery, we commonly find lesions of the posterior ethmoid wall, near the antero-medial sphenoidal wall, and lesions of the lateral lamella of the cribriform plate. Less frequently, middle or posterior cerebral fossae are involved and, in this particular case, the leak may reach the nasal cavities through the Eustachian tube or the middle ear. In these cases, patients report aural fullness sensation due to an effusion in the middle ear 5 .
EPIDEMIOLOGY
The underlying etiology of the CSF rhinorrhea determines its frequency. The general classification includes traumatic, iatrogenic and spontaneous/idiopathic causes for CSF leaks (Figure 1 ).
Traumatic CSF leaks
This category is usually divided into iatrogenic and non-surgical causes.
Traumatic causes (penetrating and blunt cranio-facial lesions) represent approximately 80% of all CSF leaks, being most common in young males. Basilar skull fractures are involved in 12-30% of cases, more common in the anterior cranial fossa. At this level, the dura has a high adherence to the skull base and it can easily be affected by injuries. When examining the cases with major head trauma, only 2-3% of them determine a CSF leak 6 . Regarding the latency of occurrence, they are classified as immediate or delayed: 60% are present in the first 3-4 days after the incident, 70% are present in the first 7 days and 95% are present in the first 3 months after trauma. For a CSF leak to appear immediately after an injury, a bony fracture or defect must be found, along with a dural lesion. Most patients with a CSF leak consequent to an accidental trauma (motor vehicle accident) present immediately. In case of delayed posttraumatic leakages, a previously intact dura may herniate during time through a bony defect of the skull base. As other theories postulate, it is possible for the bony defect and dural tear to coexist, but the leakage only occurs after the cerebral hematoma necrosis or after the wound contraction 2 . Iatrogenic trauma represents 16% of traumatic cases for CSF leak. Basically, any surgical intervention Figure 1 Classification of cerebrospinal fluid leak adjacent to the skull base may provoke an iatrogenic CSF rhinorrhea. Skull base lesions may vary in dimensions, from a simple bony crack to great (>1 cm) defect, along with dural disruption of the dura mater and, eventually, cerebral tissue.
In the previous decades, neurosurgical interventions (craniotomy, excision of pituitary tumors or suprasellar masses) were the most common causes of iatrogenic CSF leak. Otolaryngology procedures (septoplasty, endoscopic sinus surgery), may determine skull base defects and CSF rhinorrhea. Nowadays, FESS (functional endoscopic sinus surgery) became the number one cause of iatrogenic CSF leaks, with an odd of appearance less than 1% of total surgical endoscopic procedures.
The most frequent site of lesion during ESS (endoscopic sinus surgery) procedures is the lateral lamella of the cribriform plate (80%), usually right-sided, because of the thickness of the bone in the anterior skull base. Other sites of common injuries include the frontal sinus (8%), the sphenoid sinus (4%) and the posterior fovea ethmoidalis. What surgeons have to keep in mind is that, once the CSF leak is produced, the goal remains the intra-operative repair of the injury, through a variety of techniques (free-mucosal, fat tissue or muscle fascia).
Compared to traumatic leaks, iatrogenic CSF leaks occur in only 50% of patients during the first week after the surgery. In most of the cases, the patients are already discharged when the leakage appears. It is important to inform the patient about the most frequent symptoms present in case of a CSF leak.
Tumoral CSF leaks
In case of benign tumors, their rhythm of growth does not usually determine CSF rhinorrhea. There are also cases of locally aggressive tumors, like inverted papilloma and neoplasms (nasopharyngeal carcinoma, osteomas), that may erode the bone in the anterior cranial fossa. The bony destruction by mass effect may lead to local inflammation and potential dural disruption. Even though the tumors by themselves do not determine CSF rhinorrhea, the resection surgery typically provokes immediate leakage. The surgeon should be aware of this complication and should be able to repair the defect, through transcranial or endoscopic procedures.
Congenital CSF leaks
Persistence of the anterior neuropore after birth may determine the herniation of the meninges through the anterior cranial fossa (meningo-encephaloceles). These are uncommonly associated with CSF leaks. Meningo-encephaloceles usually appear in childhood like an intranasal or extranasal tumoral mass, transilluminating, which expands when the child cries (Furstenberg sign). Suspicion should be kept in mind in case of all pediatric intranasal tumoral masses, especially those arising from the midline. The biopsy should be performed only after we have obtained complete imaging investigations 7 . Persistent craniopharyngeal canal is another congenital lesion that may determine CSF rhinorrhea. Primary Empty Sella Syndrome is a congenital condition that may lead to CSF leak and it may be associated with intracranial tumors, hydrocephalus or Pseudotumor cerebri.
Spontaneous CSF leaks
Spontaneous CSF leak appears in patients without any antecedent causes, but as a consequence of an intracranial process, elevated intracranial pressure (ICP). High-pressure leaks appear to be involved in 45% of the non-traumatic cases of CSF leaks.
In literature, there are named different causes of high intracranial pressure, but the most frequent remains the idiopathic mechanism. Some studies show that obstructive sleep apnea syndrome is also correlated to elevated ICP. Elevated intracranial pressure is increasingly common, most frequent in obese females and it is thought to appear due to constant pulsations of arachnoid granulations. The anterior cranial base dura is affected by the CSF pressure variations, due to multiple factors (respiration and arterial pressure fluctuations, Valsalva-like maneuvers when blowing the nose), that may lead also to dural lesions in the bony floor defects.
Regardless the causes of high intracranial pressure, the secondary mechanisms are the same: the pressure exerted on the thin sites of the anterior skull base (lateral cribriform lamella, lateral recess of the sphenoidal sinus) determine ischemia by vessels compression, bone thickening and bony remodeling, with a defect formation. Through this defect, the dura may herniate and form meningoceles or, if the defect is big, the cerebral parenchyma can also herniate through (encephalocele) 8 . A study conducted by Lieberman et al on patients with spontaneous CSF rhinorrhea proved that they had multiple simultaneous bony defects in the skull base 4 . The researchers found that intracranial hypertension represents a determining factor for the appearance of these defects.
There are also described CSF leaks cases associated with normal intracranial pressure, representing 55% of non-traumatic cases of CSF rhinorrhea.
DIAGNOSIS
In order to institute rapidly the optimal treatment and have a favourable prognosis, it is essential to make the diagnosis correctly. The diagnostic steps are well established and we must have a detailed anamnesis, physical examination and paraclinical investigations.
Anamnesis
The first step of the diagnosis of CSF leak should be based on the patient's detailed anamnesis, followed, after clinically suspicion, by laboratory tests for CSF markers 9 . Diagnosis is easier to be made in the case of the patients with recent surgeries or trauma than in other patients. In case of delayed fistulas, there are some difficulties of diagnosis and the CSF leak may appear also years after the trauma. In these cases, it is possible to misdiagnose the leak as a vasomotor or allergic rhinitis 10 .
The most frequent symptom in CSF leak is clear, watery nasal discharge from a single nostril, but if the trauma occurred recently, it can be mixed with blood. In the supine position, the volume of nasal discharge may increase. Leakage can also be intermittent due to the accumulation of cerebrospinal fluid in one paranasal sinus and its externalization through the nostril when the head position changes (the "reservoir sign") 11 . The patients may also experience a salty taste. Most of the patients do not have headache, but the presence of this symptom should increase the suspicion of high intracranial pressure and intracranial lesions 12, 13 . It is important if the headache disappears with the leakage. Anamnesis should reveal the presence of meningitis associated with the leak.
In some cases, associated symptoms may help us localize the site of the leak. Presence of anosmia (60% of post-traumatic rhinorrhea) is a sign of an injury of the anterior fossa and olfactory area 14 . Optic nerve deficit and visual impairment suggest a lesion of the sellar tuberculum, the posterior ethmoidal cells or the sphenoid sinus. In case of recurrent meningitis, patients should undergo evaluation for the defects that expose the meninges to the upper airways, regardless of the presence or absence of CSF leak 15 . In the acute phase, right after the trauma, patients may have epistaxis, chemosis, periorbital ecchymosis, visual impairment, anosmia or cranial nerve deficits (most frequently, I-III and V-VII) and meningitis 6, [16] [17] [18] . In the chronic phase following the trauma, patients may experience intermittent nasal watery discharge, recurrent meningitis or brain abscess, headaches, salty/sweet taste in the rhinopharynx, hyposmia. The risk of developing posttraumatic recurrent meningitis varies from 12.5% to 50%, with a rate of 29.4% of neurological complications 16 . Being able to differentiate CSF rhinorrhea from other nasal secretions remains the cornerstone of diagnosing CSF fistulas.
In the case of patients with severe posttraumatic CSF rhinorrhea, the diagnosis is clear and needs only a confirmation. In some cases, the presence of blood clots or epistaxis secondary to facial fractures may complicate the diagnosis, as well as the latency of appearance of CSF rhinorrhea 18 .
Physical examination
Physical examination consists of complete rhinologic, otologic, ophthalmologic and neurologic evaluations.
Clinical examination and nasal endoscopy may reveal the presence of encephaloceles or meningoceles. When the patient performs the Valsalva maneuver or when both jugular veins are compressed (Queckenstedt-Stookey test), we may identify the presence of the CSF leak. In many cases, the physical evaluation may not be conclusive, especially in those patients with intermittent CSF leakage 19 .
In some cases, we may observe the "target sign", which expresses the ability of cerebrospinal fluid to migrate and to create a bull's eye stain, surrounding the central bloody spot, on a filter paper. This traditional sign has however low specificity and it can also be produced by tears or saliva 20 . Clinical examination of the patients with bilateral rhinorrhea does not offer much information for finding the site of the defect. When the midline structures (the vomer, crista galli) are disrupted, cerebrospinal fluid may leak paradoxically to the opposite nostril.
Laboratory tests
Laboratory tests are very important for diagnosing CSF leak. From all the tests that have been proposed over the years, only one managed to remain the gold standard in determining the presence of cerebrospinal fluid and that is the test for beta-2-transferrin.
Beta-2-transferrin is a protein of the central nervous system, produced under neuraminidase activity. Because it is not normally found in the nasal secretion, its presence is an indirect marker of CSF rhinorrhea. For the test, it is necessary to collect a volume of 0.5 ml of fluid. The test is highly sensitive (99%) and specific (97%) 21 .
Other tests include beta-trace protein, found in the cerebrospinal fluid (35-fold higher levels than serum), heart tissue and plasma, but it has lower specificity than beta-2-transferrin. It may be elevated in cases of renal insufficiency, multiple sclerosis, central nervous system tumors. Nevertheless, the test has the advantage of being quickly to perform, in about 15 minutes, being able to detect very low levels of CSF in the nasal secretion. Other advantages of the beta-trace protein are similar to the b2-transferrin test: non-invasive, repeatable, easy sample collection methods, elevated sensitivity [21] [22] [23] [24] .
In the past, glucose testing was performed, because it was easy and it was the most available marker, but it was proved that it has poor sensitivity and specificity 25, 26 Imaging methods The following step in diagnosing CSF leak, after clinical suspicion, is based on the imaging methods. After the confirmation of the CSF rhinorrhea, the next step consists in identifying its exact site and establishing the optimal treatment. Localizing the site is, basically, the most important aspect that allows us to expect a successful repair. Imaging investigations are the gold standard in this case.
High-resolution computed tomography (CT) examination, with axial, coronal and sagittal reconstructions is the imaging method of choice used for identifying skull base defects, associated with cerebrospinal fluid rhinorrhea (Figure 2 ). The images should be 1 mm thick 27 . CT scans are able to demonstrate the presence of skull base defects after iatrogenic or accidental trauma, as well as various anatomic conditions, hydrocephalus or pneumocephalus and tumoral masses 28 . It is recommended to make CT scans in all cases of suspected bony defects of the skull base.
Supplementary, the CT scan may be used in conjunction with intrathecal contrast substance (iophendylate), the imaging modality being termed CT cisternography. The study is much more invasive, but it has greater accuracy in identifying the exact location of a bony defect and a CSF leak. CT cisternography is proved to have almost 100% rate of detection when the patient has an active CSF leak. In cases of intermittent leaks, this rate of detection is hardly 60% 29 . In order to perform this investigation, we must place, under endoscopic control, pledgets in the anterior plate of the cribriform, in the middle meatus or in the sphenoethmoidal recess. When radioactivity is registered through the pledgets, the diagnosis of fistula is sure, although the technique does not provide data about the exact site.
Another imaging method used is magnetic resonance imaging (MRI), with high specificity for soft tissue lesions and CSF. It is able to differentiate the CSF leak of other intrasinusal fluids, due to the hyperintense signal on T2-weighted imaging characteristic for a CSF leak 30 . MRI may also be used with intrathecal dye administration to improve its accuracy. This imaging modality has a lower specificity than CT in detecting defects of the skull base and the price is much higher.
Magnetic resonance imaging cisternography, performed with intrathecal administration of Gadolinium contrast medium, is a method whose accuracy needs to be proved by further studies.
There are also cases of occult fistulas, in patients with recurrent meningitis, without CSF rhinorrhea, when the diagnosis becomes much more difficult and all imaging methods should be put in balance, for an optimal therapeutic decision.
Intrathecal tracers
In the past years, there have been many nuclear medicine tests used for localizing the site of CSF leaks, but the disadvantages are greater than the information provided.
Radionuclide cisternography is a method that requires intrathecal administration of a radioactive tracer (Technetium99, I131, Indium111). Pledgets must be placed in the sites of CSF leak suspicion. The method is not in the current use, because it is hard to perform, it does not identify intermittent leak and the radioactive isotope is absorbed into the blood 31, 32 . Many surgeons identify the area of CSF leaks by injecting Fluorescein intrathecally, both preoperatively and intraoperatively. The patient is roughly examined 30-60 minutes later with an endoscope. In most of the cases, Fluorescein coloration can be observed without any filters. In case of small defects, the fluid is detectable only by using filters, black light. The method is not FDA approved, as it may become neurotoxic in high doses. The accuracy of the test depends on the surface of the dural disruption, fluid volume, time of examining after injection, as well as the rate of fluorescein turnover 33 .
TREATMENT OPTIONS OF CSF LEAKS
The treatment of CSF leak can be divided into conservative and surgical management. Usually, posttraumatic CSF leak resolves only with conservative treatment, but in the case of spontaneous CSF leaks, surgical therapy is recommended. In case of refractory CSF leaks, we must apply complex therapeutic methods, which consist of observation, CSF reduction and surgery (intracranial or extracranial procedures). Negative prognostic factors in the management are loss of consciousness on admission and the coexistence of intracranial lesions within posttraumatic CSF leaks 34 . Practicians must decide carefully the optimal time and the way of treating this condition.
Conservative treatment is efficient in posttraumatic leaks, taking into consideration that they have a great odd of spontaneous resolution. Basically, conservative management consists of bed rest 35 . The patient must stay in bed, for 7-10 days, keeping the head of the bed elevated at 15-30 degrees, in order to reduce CSF pressure at the level of the basal cisterns. Stool softeners must be used, for reducing the strain and the level of intracranial pressure. The patient must not strain, cough, blow his nose, neither to perform heavy lifting. It has been shown that, using this management, 75-80% of all traumatic CSF rhinorrhea may spontaneously resolve in seven days.
Antibiotherapy in case of CSF leak still remains controversial. It is used for preventing the appearance of intracranial infections, like meningitis 36 . Many studies have noticed no difference in the prevention of the cerebral complications with or without antibiotics. The administration of antibiotics during FESS is acceptable, because, due to the intracranial invasion, meningitis may occur.
When there is an increased ICP, diuretic use should be considered. For example, acetazolamide, a diuretic that inhibits the conversion of water and CO2 to bicarbonate and H+, can lower ICP by reducing the activity of Na+/K+ ATP-ases responsible for CSF production. Thus, acetazolamide can be a useful adjunct in the treatment of patients with spontaneous CSF rhinorrhea associated with elevated intracranial pressure 37, 38 , but care should be taken to the side effects (e.g. diarrhea, nausea, metabolic acidosis, polyuria, paresthesia).
An adjunctive method is also the lumbar drain and it should be taken into consideration after the failure of 5-7 days of the previous management. Continuous drainage is preferred over intermittent drainage, because it prevents CSF pressure spikes. The recommended rate for CSF drainage must be about 10-15 cc/hr, in order to prevent adverse effects, like nausea, headaches and emesis 39 . It should be noted that lumbar drain is not recommended for initial management following skull base surgery or large bony defects. A study conducted by Albu et al. 40 noticed that, in patients with closed head trauma and CSF rhinorrhea, leakage time may be diminished by the early placement of a lumbar drainage.
In selected cases (Table 1) , surgical intervention remains the only valuable method in the management of CSF leak. This treatment is only contraindicated in the patients medically unstable for a general anesthesia. The surgical management of CSF rhinorrhea depends on the cause, location and severity of the leak.
General principles applicable in the management of CSF leaks are the following: (1) to treat meningitis and hydrocephalus, before performing any surgical procedure; (2) to identify the dural defect site and extension; (3) to dissect the bone and dural defect; (4) to directly repair the dura, when possible; (5) to close by grafts, when the direct dura repair is impossible.
Preoperative CT scans should be performed. If available, the stereotactic image-guided technique is valuable in identifying the dural defect (Figure 3) . A multidisciplinary team formed of otolaryngologist, anaesthesiologist and neurosurgeon is essential for a favourable outcome.
In cases of iatrogenic CSF leaks, the moment of repair should be at the same time as the principal surgery.
The surgical treatment of CSF leak is divided into intracranial and extracranial intervention.
Intracranial approaches are used in case of comminuted or extended skull fractures and hemorrhages in cranial fractures or contusion, which require craniotomy 25 . The main advantage of this technique is the direct visualization of the dural defect and cortical in- Table 1 General Indications of Surgical Intervention Recurrent episodes of meningitis and permanent leak, despite conservative treatment High pressure leaks and hydrocephalus
Large pneumocephalus (> 2ml), despite conservative management Imaging appearances for decreased probability of natural dural repair (bone erosion, skull base comminution, soft tissue interposed in the bony edges)
Acute traumatic/post-operative leaks that persist or recur in 10-13 days after conservative treatment CSF leaks and congenital brain dysplasia; especially after an episode of meningitis Intermittent/delayed leak juries, which allows a better patching of the disruption. The disadvantages (high morbidity, increased hospitalisation, anosmia, cerebral injuries with seizures and behaviour disorders) are important and must be minimized as much as possible 18, 41 . Once the endoscopic surgery entered in the common use, the surgical treatment of CSF leaks changed significantly. Being able to expose the nasal roof allowed to identify the site of the CSF leak and improved the postoperative outcome 42 . Nowadays, endoscopic intranasal surgery is the method of choice in the management of CSF leaks, due to its reduced morbidity (no brain retraction, no additional risk of anosmia) and its great field of vision. Nevertheless, this method must identify very precisely the site of the fistula, in order to correctly place the graft [43] [44] [45] [46] [47] . Several different endoscopic approaches have been developed, according to the dural defect localization.
The main step of an endoscopic treatment is the good exposure of the dural defect, using also, in low flow cases, intrathecal fluorescein. Initially, if an encephalocele is found, it should be removed carefully. For a good exposure, the surgeon must expose 0.2-0.5 cm of the bone surrounding the defects and the remaining mucosa inside the defect must be excised before repairing, in order to prevent mucocele formation; it also stimulates osteogenesis and it improves graft acceptance 43, 48 . In the current practice, various types of grafts are used, but their size should be no bigger than 30% of the defect dimension. The types of grafting material are cartilage (septum), bone (septal, mastoid tip, iliac crest), septal or turbinate mucosa, fascia (fascia lata, temporalis), abdominal fat, pedicled septal flaps or turbinate flaps 49 . It is important to remind that the pedicled flaps may tint or fold and contract.
There are many facts that may influence the option for a certain graft type: defect size and location, level of intracranial pressure, personal experience and material availability 50 . The techniques of grafting can be divided into: overlay (directly over the defect), underlay (between the dura mater and the bony defect) and combined methods. For the reinforcement after the graft placement, fibrin glue and autologous abdominal fat are also used. A mucosal fragment from the septum of the middle turbinate may be also placed as an overlay graft. To better seal the defect, fascia (temporalis muscle or fascia lata) offer additional support (Figure 4) . After all the grafts are set in place, the defect repair is fixed with Gelfoam® and non-absorbable nasal pack- ing, to increase pressure on the site. Surgeons must pay attention not to obliterate the adjacent sinus ostia.
The size of the dura defect is an important parameter when planning the surgical intervention, regarding the number of layers and the type of graft material. During dura obliteration, we must apply the main principle -"watertight closure".
The studies have shown that, when the defect has less than 2 mm, the type of grafting is not important for the success of the intervention. For defects of 2-5 mm, it is recommended to use overlay grafts (mucosal graft or flap), in absence of important dural lesions. If the fracture is comminuted, we should use composite graft. For defects greater than 5 mm, composite grafts or grafts made of mucosa and bone are the method of choice.
Postoperative care should consist of bed rest, with the head of the bed elevated at 15-30 0 for 3-5 days. The blood pressure should be kept at a normal value and antibiotherapy should be administered.
CONCLUSIONS
Cerebrospinal fluid leaks represent a serious, potentially severe condition, which requires immediate diagnosis and appropriate treatment, because, in its absence, the risk of meningitis increases by 10 fold. The most frequent etiology remains the traumatic lesions, either from iatrogenic or surgical causes.
The therapeutic results depend on the cause, size of the dural defect, timing of applying the treatment and patient comorbidities. Usually, in approximately 7-10 days, under conservative treatment of the most posttraumatic CSF leaks, complete resolution in expected 51 , while spontaneous CSF leaks usually require surgical intervention. A B
